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and inverted-phase outputs (Vp, — Vp) of the amplifier
12 be supplied to a comparator 34 at an appropriate
threshold level at all times. To achieve this intention, a
peak-value voltage (Vi) of the normal-phase and invert-
ed-phase outputs of the amplifier 12 is detected by a
peak value detector 26, and is converted into a current
by means of a voltage-current converter 28 having a
mutual conductance of gm. The voltage-current con-
verter 28 has differential output terminals, from which a
normal-phase output (I.=gm.Vi) and an inverted-
phase output (I..=gm.Vi) are produced, respectively.
The currents (I, I_) are converted into voltages by
means of resistors R10 and R12, The resultant currents
are subtracted from the normal-phase and mverted-
phase outputs (Vp, —Vp) of the amplifier 12, respec-
tively, so that the normal-phase and inverted-phase
outputs (Vp, —Vp) are shifted in level to the degree
corresponding to the same voltage. The signals, thus
shifted in level, are supplied to the normal-phase and
inverted-phase input terminals of the comparator 34.

13 Claims, 4 Drawing Sheets
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1
LIGHT-RECEIVING CIRCUIT

TECHNICAL FIELD

The present invention relates to a light-receiving
circuit, and more particularly to a light-receiving cir-
cuit which converts a photo signal into an electric sig-
nal and outputs the electric signal.

BACKGROUND ART

A conventional light-receiving circuit, which con-
verts a photo signal into an electric signal and outputs
the electric signal, has such a circuit configuration as is
- shown in the “Light Receiver” disclosed in Published
Examined Japanese Patent Application (PEJPA) No.
63-25738.

More specifically, as is shown in FIG. 1, an amplifier
102 has its input terminal 104 connected to a photodiode
100, and has its output terminal 106 connected to the
~ positive input terminal 110 of a comparator 108. A ref-
erence potential-generating circuit 112 is provided. The
output terminal 114 of this reference potential-generat-
ing circuit 112 is connected to the negative input termi-
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nal 118 of a peak value-detecting circuit 116 by way of

resistor R100, and is further connected to the output
terminal 106 of the amplifier 102 by way of resistors
R102 and R104. The positive input terminal 120 of the
peak value-detecting circuit 116 is connected to node
W, which is between resistors R102 and R104. The
output terminal 122 of the peak value-detecting circuit
116 is connected to node X by way of diode D100.
Node X is connected to a constant current source 1100.
Node X is further connected to the negative input ter-
minal 124 of the comparator 108 by way of node Y, to
which a capacitor C100 is connected. The output termi-
nal 126 of the comparator 108 is connected to the output
terminal 128 of the receiver.

In the light-receiving circuit of the above circuit
configuration, the threshold value is automatically set
to have an optimal level, without reference to a change

in photo signal E supplied to the photodiode 100.

It is proposed that the amplifier 102 to which the
photodiode 100 is connected be replaced with an ampli-
fier having differential output terminals of normal and
inverted phases. Such a proposal is made, for example,
in Japanese Patent Application No. 1-180717 entitled
“Widely-Dynamic Light-Receiving Circuit” and Japa-
nese Patent Application 1-311334 entitled *“Light-
Receiving Circuit”. When the amplifier having differ-
ential output terminals is employed, it is possible to
make the best use of the amplitude of photo signal E,
and the amplifier can have a wide band and be widely-
dynamic.

The amplifier mentioned above has differential out-
put terminals. Thus, even if the amplifier is incorporated
in a circuit wherein the threshold value is automatically
set to have an optimal level, such as the circuit shown in
FIG. 1, only one of its output terminals, a normal-phase
one or an inverted-phase one, can be connected to a
given circuit. Accordingly, the gain to be obtained i1s
substantially 4 of the gain obtained in the case where
both output terminals are connected to that given cir-
cuit, and the amplifier fails to sufficiently achieve its
advantages.

As may be understood from the above, the circuit
mentioned above is designed on condition that the am-
plifier 102 to be incorporated has a single-phase output
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terminal. The circuit is not designed for use with an
amplifier having differential output terminals

~ As mentioned above, an amplifier having differential
output terminals is not suitable for incorporation into
such a circuit configuration as is disclosed in Published
Examined Japanese Patent Application (PEJPA) No.
63-25738 entitled “Light Receiver”.

Accordingly, an object of the present invention is to
provide a light-receiving circuit which has a circuit
configuration permitting an amplifier with differential
output terminals to be suitably incorporated therein,
which employs a wide-band, widely-dynamic amplifier,
and which constantly maintains the threshold value at
an optimal level without reference to a change in the
photo signal.

DISCLOSURE OF INVENTION

To achieve the above object, the light-receiving cir-
cuit of the present invention comprises:

an amplifier for amplifying a signal supplied from a
light-receiving element, the amplifier having normal-
phase and inverted-phase output terminals;

a peak value detector for detecting a peak value of an
output of the amplifier, the peak value detector having
normal-phase and inverted-phase input terminals which
are connected to the normal-phase output terminal of
the amplifier, respectively;

a voltage-current converter having a normal-phase
output terminal, an inverted-phase output terminal, and
an input terminal which is connected to an output termi-
nal of the peak value detector;

a first resistor inserted between the normal-phase
output terminal of the voltage-current converter and
the normal-phase output terminal of the peak value
detector;

a second resistor inserted between the inverted-phase
output terminal of the voltage-current converter and
the inverted-phase output terminal of the peak value
detector; and

a comparator for comparing outputs of the amplifier
with each other, the comparator having normal-phase
and inverted-phase input terminals which are connected
to the normal-phase and inverted-phase output termi-
nals of the voltage-current converter, respectively.

In the light-receiving circuit having the above circuit
configuration, a peak-value voltage of a normal-phase
output of the amplifier and a peak-value voltage of an
inverted-phase output of the amplifier are detected by
the peak-value detector. The peak-value voltages are
converted into currents by the voltage-current con-
verter. By this voltage-current converter, a current
corresponding to the normal-phase output and a current

~ corresponding to the inverted-phase are output. The
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current corresponding to the normal-phase output 1s
converted into a first voltage by the first resistor, while
the current corresponding to the inverted-phase output
is converted into a second voltage by the second resis-
tor. The first and second voltages are subtracted from
the normal-phase and inverted-phase outputs of the
amplifier, respectively. By this subtraction, the normal-
phase and inverted-phase outputs of the amplifier are
shifted in level to the degree corresponding to the same
voltage. The two level-shifted signals are supplied to
the normal-phase and inverted-phase input terminals of
the comparator, so that the signals can be compared
with each other with an optimal threshold level at all
times. |
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a circuit diagram showing a conventional
light-receiving circuit;

FIG. 2 is a circuit diagram showing a light-receiving 5
circuit according to the first embodiment of the present
invention;

'FIG. 3 is a waveform chart showing the operation of
the light-receiving circuit of the first embodiment of the
present mvention;
~ FIG. 4 is a circuit diagram showing a light-receiving
circuit according to the second embodiment of the pres-
ent invention; and

FIGS. 5A through 5D are waveform charts each
showing the operation of the light-receiving circuit of 15
the second embodiment of the present invention.

BEST MODE OF CARRYING OUT THE
INVENTION

Embodiments of the present invention will be de- 20
scribed below, with reference to the accompanying
drawings. .

FIG. 2 is a circuit diagram showing a light-receiving
circuit according to the first embodiment of the present
invention, and FIG. 3 is a waveform chart showing the
operation of the light-receiving circuit of the first em-
bodiment.

As is shown in the Figures, the anode of a photodiode
10 is connected to a power supply Vcc, while the cath-
ode thereof is connected to the input terminal 14 of an 30
amplifier 12. The normal-phase output terminal 16 of
the amplifier 12 is connected to the normal-phase input
terminal 20 of a peak value-detecting circuit 18 by way
of node A, and the inverted-phase output terminal 22 of
the amplifier 12 is connected to the inverted-phase input 35
terminal 24 of the peak value-detecting circuit 18 by
way of node B. The output terminal 26 of the peak
value-detecting circuit 18 is connected to the input
terminal 30 of a voltage-current converter circuit 28.
The normal-phase output terminal 32 of the voltage- 40
current converter circuit 28 is connected to the normal-
phase input terminal 36 of a comparator 34 by way of
node C. The inverted-phase output terminal 38 of the
voltage-current converter circuit 28 is connected to the
inverted-phase input terminal 40 of the comparator 34
by way of node D. Nodes A and C are connected to
each other by means of resistor R10. Similarly, nodes B
and D are connected to each other by means of resistor
R12. The output terminal 42 of the comparator 34 1s
connected to the output terminal 44 of the light-receiv-
ing circuit. .

The operation of the light-receiving circuit having
the above circuit configuration will be described, refer-
ring to calculation formulas. |

Upon supply of a light signal E, the photodiode 10
outputs a reception signal I;n. In response to the supply
of this reception signal I;n, the amplifier 12 outputs a
normal-phase reception signal Vo+ Vp and an inverted-
phase reception signal Vo—Vp, both determined in
accordance with the reception signal Iyn.

In the present specification, the reference symbol
denoting each signal is associated with the voltage or
current value of the signal. To be more specific, in the
reference symbols “Vo+Vp” and “Vo—Vp” respec-
tively denoting the normal-phase and inverted-phase
reception signals, “Vo’’ indicates a DC voltage compo-
nent, and *“Vp” indicates a signal voltage component
(signal amplitude).
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Upon supply of the normal-phase reception signal
Vo+ Vp and inverted-phase reception signal Vo—Vp,
the peak value-detecting circuit 18 detects peak values
of the voltages of the signals and outputs peak value
signals Vi. The peaks of the voltages are, for example,
twice as high as a signal amplitude voltage |Vp| (abso-
lute value). Thus, the voltage Vi of the peak value sig-
nals produced from the output terminal 26 of the peak
value-detecting circuit 18 is expressed as follows:

Vi=2|¥p| (1)

Upon supply of the peak value signals Vi, the volt-
age-current converter circuit 28 outputs a normal-phase
peak value signal I, and an inverted-phase peak value
signal I _, both determined in accordance with the volt-
age Vi of the peak value signals.

Let it be assumed that the mutual conductance of the
voltage-current converter circuit 28 1s denoted by gm.

In this case, the normal-phase peak value signal cur-
rent 1., produced from the normal-phase output termi-
nal 32 of the voltage-current converter circuit 28 1s
expressed as follows:

(2)

I—i— — Io-{-gm-Vr‘

= fo+ 2-gm-|Vp|

On the other hand, the inverted-phase peak value
signal current I_ produced from the inverted-phase
output terminal 38 is expressed as follows:

. 3)

Io — gm. Vi
Io—2.gm.|Vpi

The *“Io” represents an initial current component
which may flow through the current-voltage converter
circuit 28 before the supply of the peak value signal V1.

Assuming that each of resistors R10 and R12 has
resistance R, the normal-phase signal voltage V. sup-
plied to the normal-phase input terminal 36 of the com-
parator 34 is given by the following:

Vﬂ+VP—R-I+ )

— Vo—R-Io—2.-gm-R|Vp| + Vp

V.+.=

Similarly, the inverted-phase signal voltage V_ sup-
plied to the inverted-phase input terminal 40 1s given by
the following:

V. = Vo—Vp—RD.I_ (%)

= Vo~ R-Io+2-gm-RjVp| - Vp

In the case where the relationship between the mu-
tual conductance gm and the resistance R 1s represented
by: |

R.gm=1,

formulas (4) and (5) can be respectively transformed as

follows:
Voy=Vo—RJIo—(}) | Vp|+Vp (6)

v_=Vo—-RJo+(}) |Vp|—Vp (7)
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In the right side of each of formulas (6) and (7), the
first and second terms represent a DC voltage compo-

nent, and the first and second terms of the right side of

formula (6) are equal to those of the right side of for-
mula (7). The third term represents a DC voltage com-
ponent which varies in accordance with the voltage Vp
of the signal amplitude. The fourth term represents the
voltage of the signal amplitude itself.

As is shown in the waveform chart in FIG. 3, there-
fore, the voltage Vo4 Vp of the normal-phase recep-
tion signal output from the amplifier 12 and the voltage
Vo Vp of the inverted-phase reception signal also out-
put from the amplifier 12 are shifted in level by the
voltage which is half of that of the signal amplitude
| Vp|, and are thus converted into a normal-phase signal
of voltage V. and an inverted-phase signal of voltage
V _, respectively.

Due to the processing mentioned above, in the circuit
of the first embodiment, the comparator 34 can con-
stantly compare the normal-phase signal V and the
inverted-phase signal V_. with each other at the level
corresponding to the potential half that of the signal
amplitude |Vp|, without reference to the value of the
signal amplitude |Vp|. Accordingly, the comparator
can compare the two signals with each other with an
optimal threshold level at all times and produce an
output signal V.

The light-receiving circuit of the second embodiment
will now be described.

FIG. 4 is a circuit diagram showing the light-receiv-
ing circuit of the second embodiment of the present
invention, and FIGS. 5A through SD are waveform
charts each showing the operation of the light-receiving
circuit of the second embodiment. In these Figures, the
same reference symbols as those in FIGS. 2 and 3 are

used to indicate the similar or corresponding structural

components, and a description will be given only of the
different circuit configurations from those shown in
FIGS. 1 and 2.

As is shown in FIG. 4, in the circuit of the second
embodiment, the normal-phase output terminal 16 of an
amplifier 12 is connected to node F, where the line
branches out. Node F is connected to node G by way of
resistor R14. Similarly, the inverted-phase output termi-
nal 22 of the amplifier 12 is connected to node H, where
the line branches out. Node H is connected to node G
by way of resistor R16. The potential at node G 1s set to
be substantially 4 of the voltage applied between the
normal-phase and inverted-phase output terminals 16
and 22, for example, by providing resistors R14 and R16
with the same resistance. The inverted-phase input ter-
minal 31 of a voltage-current converter circuit 28 1s
connected to node G by way of node J. The inverted-
phase input terminal 24 of a peak value-detecting circuit
18 is connected to node K. Nodes J and K are con-
nected to each other by means of resistor R18. A capac-
itor C10 is connected to node K. .

The normal-phase input terminal 20 of the peak val-
ue-detecting circuit 18 is connected to node A, which 1s
connected to node F. The output terminal 26 of the
peak value-detecting circuit 18 is connected to the
anode of a diode D10. The cathode of this diode D10 1s
connected to node L.. The normal-phase input terminal
30 of the voltage-current converter circuit 28 i1s con-
nected to node L. Nodes L and K are connected to each

other. A constant current source I10 1s connected to
node L.
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The operation of the light-receiving circuit having
the above circuit configuration will be described, refer-
ring to calculation formulas.

Let it be assumed that the current value of the con-
stant current source I10 i1s denoted by Ig.

Also, let it be assumed that the resistance of each of
resistors R14 and R16 is denoted by R1, that the resis-
tance of resistor R18 is denoted by Rg, and that the
relationship between resistance R1 and resistance Rg 1s
given by the following:

{R1)>>Rg

Further, let it be assumed that the resistance of each
of resistors R10 and R12 is denoted by R, that the mu-
tual conductance of the voltage-current converter cir-
cuit 28 is denoted by gm, and that the relationship be-
tween resistance R and mutual conductance gm is given
by the following:

Rgm=1%

1. When light signal E is of a small value, 1.e., when
|Vp| =Ig Rg, the peak value-detecting circuit 18 does
not operate. Thus, the input voltage Vi of the voltage-
current converter circuit 28 satisfies the following for-
mula:

Vi=1Ig Rg (constant) (B)

Output currents I, and I_ of the voltage-current
converter circuit 28 are given by the following:

(9)

I, = Ilo+gm-Vi
= Jo + gm - Rg . Ig (constant)

I_ = Io—gm-Vi (10)
= Jo — gm - Rg - Ig (constant)

Hence, input voltages V1 and V _ of the comparator
34 are given by the following:

(11)

Vy = Vos+ Vp—1, R
= Vo—Io-R— (1/2)Jg-Rg + Vp
V_ = Vo~ Vp—J_-R (12)

Vo — Io-R + (1/2)Ig- Rg — Vp

In the right side of each of formulas (11) and (12), the
first and second terms represent a DC voltage compo-
nent. The third term also represents a DC voltage com-
ponent, but the DC voltage component of input voltage
V . and that of input voltage V _ are opposite in polar-
ity. Due to the opposite polarities, the DC voltage com-
ponents serve as a guard voltage when a small-value
light signal is input or no light signal 1s input.

2. When light signal E is of a large value, 1.e., when
| Vp| >Ig.Rg, the peak value-detecting circuit 18 oper-
ates. Thus, the input voltage Vi of the voltage-current
converter circuit 28 satisfies the following formula:

Vi=|FVp] (13)

By similar calculation to that of the case where a

small-value light signal is input, the input voltages V ;

and V_. of the comparator 34 are given by the follow-
Ing:
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Viy=Vo—IoR~(3) |Vp[+Vp (14)

V_=Vo—Io.R+(}) |Vp|—Vp (15)

As may understood from formulas (14) and (15), as in
the first embodiment, normal-phase signal V. and in-
verted-phase signal V_ can be constantly compared
with each other at the level corresponding to half of
potential |Vp|, i.e., at the level corresponding to (Vo-
IR), without reference to the value of signal amplitude
| Vp|. Therefore, the normal-phase and inverted-phase
outputs of the amplifier 12 can be constantly compared
in the comparator 34 with an optimal threshold level,
and output signal Vout can be produced as a result of
the comparison.

FIGS. 5A through 5D are waveform charts each
showing the operation of the light-receiving circuit of
the second embodiment.

FIG. 5(A) shows the waveform obtained when
|Vp| =0, i.e., when no signal is input.

FIG. 5(B) shows the waveform obtained when the
input signal satisfies the relation |Vp| <Ig.Rg.

FIG. 5(C) shows the waveform obtained when the
input signal satisfies the relation |Vp|=Ig.Rg.

FIG. 5(D) shows the waveform obtained when the
input signal satisfies the relation |Vp|>Ig.Rg.

Industrial Applicability

As has been described, the present invention can
provide a light-receiving circuit which compares the
outputs of an amplifier at an appropriate threshold level
at all times, even if the amplifier has normal-phase and
inverted-phase output terminals. Since, therefore, the
light-receiving circuit can employ a wide-band, widely-
dynamic amplifier, the circuit is suitable for use in a
light communication system, for example.

I claim:

1. A light-receiving circuit comprising:

an amplifier having an input terminal, a normal-phase

output terminal, and an inverted-phase output ter-
minal, said amplifier amplifying an input signal
which is supplied from a light-receiving element
connected to the input terminal;

a peak value detector having a normal-phase input

terminal, an inverted-phase input terminal, and an
- output terminal, said normal-phase input terminal
being connected to the normal-phase output termi-
nal of the amplifier, said inverted-phase input ter-
minal being connected to the inverted-phase output
terminal of the amplifier, said peak value detector
detecting a peak value of an output of the amplifier;
a voltage-current converter having an input terminal,

a normal-phase output terminal, and an inverted-

phase output terminal, said input terminal being
connected to the output terminal of the peak value
detector;

a first resistor inserted between the normal-phase
output terminal of the voltage-current converter
and the normal-phase input terminal of the peak
value detector;

a second resistor inserted between the inverted-phase
output terminal of the voltage-current converter
and the inverted-phase input terminal of the peak
value detector; and

a comparator having a normal-phase input terminal,
an inverted-phase input terminal, and an output
terminal, said normal-phase input terminal being
connected to the normal-phase output terminal of
the voltage-current converter, said inverted-phase
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input terminal being connected to the inverted-
phase output terminal of the voitage-current con-
verter, said comparator comparing outputs of the
amplifier with each other and producing an output
signal from the output terminal thereof.

2. A light-receiving circuit according to claim 1,
wherein said peak value circuit detects a voltage deter-
mined by adding an amplitude voltage supplied from
the normal-phase output terminal of the amplifier to an
amplitude voltage supplied from the inverted-phase
output terminal of the amplifier, and supplies the volt-
age, thus determined, to the voltage-current converter
as a peak value.

3. A light-receiving circuit according to claim 1,
wherein said voltage-current converter has a mutual
conductance of gm, produces currents obtained In ac-
cordance with both the mutual conductance gm and the
voltage received as the peak value, and outputs the
currents as a normal-phase output and an inverted-
phase output, respectively.

4. A light-receiving circuit according to claim 1,
wherein said first and second resistors convert the cur-
rents obtained by the voltage-current converter into
voltages, respectively.

5. A light-receiving circuit according to claim 1,
wherein said voltage-current converter has a mutual
conductance of gm, each of said first and second resis-
tors has a resistance of R, and the mutual conductance
gm and the resistance R have a relationship given by
gmXR=4.

6. A light-receiving circuit comprising;:

an amplifier having an input terminal, a normal-phase
output terminal, and an inverted-phase output ter-
minal, said amplifier amplifying an input signal
which is supplied from a light-receiving element
connected to the input terminal;

a first resistor and a second resistor which are in-
serted between the normal-phase and inverted-
phase output terminals of the amphfier;

a peak value detector having a normal-phase input
terminal, an inverted-phase input terminal, and an
output terminal, said normal-phase input terminal
being connected to the normal-phase output termi-
nal of the amplifier, said inverted-phase input ter-
minal being connected to a point located between
the first and second resistors, said peak value detec-
tor detecting a peak value of an output of the am-
plifier;

a voltage-current converter having a normal-phase
input terminal, an inverted-phase input terminal, a
normal-phase output terminal, and an inverted-
phase output terminal, said normal-phase input
terminal being connected to the output terminal of
the peak value detector, said inverted-phase input
terminal being connected to the point located be-
tween the first and second resistors;

a third resistor inserted between the normal-phase
output terminal of the voltage-current converter
and the normal-phase output terminal of the peak
value detector;

a fourth resistor inserted between the inverted-phase
output terminal of the voltage-current converter
and the inverted-phase output terminal of the am-
plifier and

a comparator having a normal-phase input terminal,
an inverted-phase input terminals, and an output
terminal, said normal-phase input terminal being
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connected to the normal-phase output terminal of
the voltage-current converter, said inverted-phase
input terminal being connected to the inverted-
phase output terminal of the voltage-current con-
verter, said comparator comparing outputs of the
amplifier with each other and producing an output
signal from the output terminal thereof.

7. A light-receiving circuit according to claim 6,
wherein said peak value detector detects a voltage
which is determined by adding an amplitude voltage
supplied from the normal-phase output terminal of the
amplifier to a voltage obtained by voltage division by
the first and second resistors, and supplies the voltage,
thus determined, to the normal-phase input terminal of
the voltage-current converter as a peak value.

8. A light-receiving circuit according to claim 6,
wherein said first and second resistors have an equal
resistance.

9. A light-receiving circuit according to claim 6,
further comprising a fifth resistor whose one end 1s
connected to the point located between the first and
second resistors and whose another end is connected to
the inverted-phase input terminal of the peak value
detector. |

10. A light-receiving circuit according to claim 6,
wherein said voltage-current converter has a mutual
conductance of gm, produces currents obtained in ac-
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cordance with both the mutual conductance gm and a
voltage difference between the normal-phase and in-
verted-phase input terminals thereof, and outputs the
currents as a normal-phase output and an inverted-
phase output, respectively.

11. A light-receiving circuit according to claim 6,
wherein said third and fourth resistors convert the cur-
rents obtained by the voltage-current converter into
voltages, respectively.

12. A light-receiving circuit according to claim 6,
wherein said voltage-current converter has a mutual
conductance of gm, each of said third and fourth resis-
tors has a resistance of R, and the mutual conductance
gm and the resistance R have a relationship given by:

gmXR=4

13. A light-receiving circuit according to claim 9,
wherein each of said first and second resistors has a
resistance of R1, said fifth resistor has a resistance of
Rg, and resistance R1 and resistance Rg have a relation-
ship given by:

AXRI>>Rg
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